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Amendments to the Specification 

Please delete the entire specification as filed and replace it with a substitute specification 
including the following replacement Background, Summary, Brief Description of the 
Drawings and Detailed Description, as follows. A clean copy of the substitute specification 
beings on page 33. 

The prc: o nt inr c ntim r^nt"^ " rlmrirn implnntnhlo in a tin a uc of living boings 
for dotooting olootrical bioaotivity in acoordanoo with the proamblo of Claim 1, and to a 
dovioo. implantable in n t'"""" '"''"2 hnin^r . fnr influonoinc olootrioal bioaotivity in 
gooordanoo with tho proamblo of Cloim 10. 

A dovioo in aooordanoo with tho pr e amble of Claim 1 ia diooloo e d in US 
2003/0111769 Al, nnd n ti?v'"" nnnnrr^nnrvn with tho proamblo of Claim 10 io diocloood in 



WO 00/13585. However, tho known dovioes ai 


re really large and ao tho donsil 

system, for example, is insuffic 


■y of tho dovioea 

iient. 


in a biological oystom, aa in a central norvous 


ivontion to miniaturize devices 


for exchanging 


It ia theroforo the object of the ir 




IS, for example, 


signals ootween Dioiugiuui uymmiu unu uunwi mvmvM v..>..~^» . 

! _J .xnito -^^ r,t:^y,}nt^^r r,r c^ffc^r-tnrf 




moaauring, mumiuiuis uuu wimui uinu, ^ 


A„^^^ ,^,UU tUn nrnnmhin n 


if Claim 1. this 


. 1. . ; 4.: U., -fUo fnn-t i-Unt tUn nnnrnir rnrntxinr 


ODjeoi IS aoniovoa mjuuiunife hhj nmjinmn uj tumw 




ano me xranummur uiv luumuimu lui upvimms i» ... ~ o- 


SWllOn IS prOVIUUU WUHJII la i.;miiivm«ju \j'j< 




4 — wnv — 44mt — tb« 


transmitter, and io faahionod for switohii 


■6 I..V w*...., ~. - J 

- «1 K;r.«i/>f inWif nnn ha 


information relating to tho time profile or 






oodod in analog faohion in tho form of a chc 


"'5^ ^"^ r - - 


tho transmitter and tho information relating 


more transmission proporty/p 


roperties of the 


in analog fashion in the form of one or 
tranamittor. As an example, it io poooible 


thereby for the time profile 


1 of tho voltage 
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difforonoo to bo coded and/or imaged in analog faohion into a ohango in, for oxamplo. tho 
transmit amplitudi:, trnn-"'it ,.,n„nl»ngth trnnnmit froguonov. as woll as. altornativoly, aloo 
in tho shapo and iovol of individual pulooa, etc. 

Furthormoro, in the oaao of tho dovio e in oooordanoo with th e proamblo of Claim 
10, this objoot io achiovod by virtuo of tho fact that tho cnorgy roooivor and tho control 
information roooivor aro faahioncd for operating in parallol in timo, and a voltag e 
:;on3itivo =witoh is provided "^iiinh in nnnnnntnri hotwoon th e control information roooiv e r 
and tho two clootrodoa and io faahionod for owitohing a flow of eloctrio current from th e 
on o rgy r oooivor to tho oloctrcdpg tind"r t*^" nnntml nf th a nnntrnl information roooiv e r. th e 
identity of tho control information roooivor and magnitude of tho influonoo on tho olootrical 
bioactivity being oodod in analog faohion by moana of tho froquonoy and/or amplitude of 
tho control information olgnals. 

The ti:;:uo can, of course, be n ti'i'-M" '"'-iHa nr rmtriHn nn nnimnl or human 
living b e ing. In particular, it can bo a quoation of devioeo for implantation in tho brain, 
h e art or in tho muoculaturo ouch that it is thoroby ooncoivablo to apply th o m in the field 
of modioal diagnootioo, nourophyoiology and in the control of proothos e o. 

Tho e l e otrioal bioactivity is intended to moan tho membrane voltag e (or th e 
temporal ohango therein) of colls, for example nerve cells. 

In particular, it can bo provided in the oase of tho dovioe for detecting 
olootrical bioactivity that tho tranomisoion property/properties ia/aro tho tranamit 
amplitude and/or tho transmit frequency. 

It can bo provid e d in the case of tho dovioo for dotooting e lootrioal bioactivity 
that tho owitoh is faohionod in such a way that it owitohos the tranamittor on or off when tho 
dotoot e d voltage difforeno e overshoots or undorohooto a voltage thr e shold value whioh 
can b e fixod in advance. Th e proaono e of an aetion potential, that ia to say a audd e n chang e 
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in g m o mbran o volt ag ?, niirh n-. f"*- »vnmpln fnr narvo ooUn insido ond outoido tho brain, 
pan thoroby bo dotoctod and paaood on. The o v . itch then acta liko a 1 bit awitch. 

It ca n b e p r ovido d, fM'-th«'-'""'-n thnt tho transmittor oompriooo a clos e d 
resonant circuit, in particular for miorowavoa and radio wav e s. 

Altornativ o ly, tho tranomittor can oomprioo a photodiodo, in particular for IR. 

UV and vioiblo light- 
It can gltornativoly bo prtjvided, in t'"-". ^hnt thn trnnramittor oomprioos an LED. 
It is also oonooivablo that the transmitt e r oomprioos a quantum woll structur e . A 
quantum laser can bo involved, for exampl e . 

It i= likoivijo oonooivablc thnt th" tmnnmittnr nnmpriraan n quantum lin e 

It is advantag e ou s to provid o at loaat two transmitt e rs which can b e 
distinguished on tho basis of different analog transmission proportios (transmit amplitude 
and/or transmit frequency). It is thereby possible, firstly, to aohiovo an even higher density 
of tho d ov icc3 in a ti ss u e, a n d als o tc n^b'"^'" " "nigiia iHnntifioatinn of tho transmitters 
without a largo outlay on compon e nts and signal processing. 

In the case of tho devioo for influencing oloetrioal bioaotivity, which can also b e 



designated as a mioroeffeotor or miorostimuli 


ator, it can be provided that tho switch can be 
such a way that a voltage pulse is generated 


driven by tho control information reooivor m 


is sufficiently strong and short, it is possible 


between tho eloctrodoa. If tho voltage pulse 
thereby to stimulate surrounding oolls to 


bioaotivity. Of course, however, it is al-so 



ooneoivablo that inotoad of a voltago puloo, a voltago profile eontrollod from outside th e 
tissue can bo output or induc e d in the surrounding tissu e . 

It pan be provid e d, furthermore, that th e control information reooivor compris e s 
g clos e d resonant circuit, in particular for microwaves and radio wav e s. 
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It can bo provided oa nn nlt"'-^"^"'". thnt th e onntrol information rooeiver 
oompriaoD a photodiodo, in particular for IR, UV and vioiblo light. 

It jg advantggoouo to provide at least two oontrol information roooivoro which 
can bo addroaood aoparatoly on tho baoio of difforont analog roooption proportioo (amplitude 
and/or froqucnoy). As a result, it i a poQoiblo to achievo an ov o n higher donoity of tho control 
information rocoiv e rs, and oeparato driving of th o sam e . 

Tho en e rgy roooiver gdvantag e ouoly oomprisos a olosod rosonant oirouit, in particular 

for miorowavoo and radio wav e s. 

It can bo provid e d, as an altornativ e , that tho energy roooivor compris e s a 
photodiodo, in particular for IR, UV and visible light- 
It can bo provided, in turn, as an altornativo that tho onorgy reooivor compris e s a 
piezocrystal for sound wav e s. 

In a particularly simpl e e mbodim e nt, tho voltage sensitive switch can compris e 
a voltage sensitive resistor. 

It can bo provid e d, as an alt e rnative, that tho voltage sonsitivo switch compris e s 
a chain of open field effect transistors- 
It is oonooivabl e in turn, as an altornativo, that tho voltage sensitive switch 
oomprisos an e lootrooptio switch- 
In particular, it can b e provid e d in this case that the ol e otrooptic switch 
oomprisos an LED and a photodiod e . 

Tho dovioos ar e advantagoously designed as an integrated oirouit (IC)- 
With tho oxo e ption of contact points of the m e asuring ol e otrodos and/or 
olootrodeo, tho ontiro doviooo arc advantagoously provided with an oloctrically insulating 
material, in particular varnish. The aim thereby is to minimize stimulation of the tissu e , in 
partieular brain tissu e . 
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Tho moaouring olootrodos 


and/or elootrodes aro advantagec 


)usly dosignod as a 




f lationn further 




spur. Tho aim thereby is to minimize t 








ing olootrodoa and/or olootrodoo c 


lan bo designed as a 


As an altornativo, tho moaout 
oapaoitor or as o spur with a oapaoitor. 






Finally, tho invention propos 


OS a system for detooting and/or it 


ifluonoing olootrical 



bioaotivity oomprioing at loaat two dovicco aooording to ono of tho procoding claim s which 
aro implanted in a tisouo and/or living being. In particular, it oan bo provided that at least on e 
enorgy transmission device and at least ono bioaotivity dotoction dovioe and/or at least on e 



bioaotivity influonoing devic e are provided outside tho tissue and/or living b e ing. Th e 
influonoing of bioaotivity transmits th e control information signals. 

Tho inv e ntion is based on the surprising finding that by providing a voltag e 



sensitive switch and by configuring tho energy rooeiver and transmitter or oontrol 




iniormaiion reoeive 


' olootrical bioaotivity by coding information in the transmission 


and/or influonoing 


it gmplitudo and/or transmit froquonoy) of tho transmitter and/or in 


properties (transm 


ontrol information signals and/or of the control information receiver in 


properties of the c 


such a way that tho energy receiver and tho transmitter and/or oontrol 


analog fashion in 


or can be operated in parallel in timo. Moreover, separating the funotioft 


information reoeivi 


aivor from tho function of the transmitter and/or oontrol information 


of tho enorgy rec( 




rooeiver onuoipa u umquv lumimi^mmii m uw.iww^ — , 


ariving — tn — ttte — tre 


0, and unique idontifioation of transmitters and/or separate driving of the 


provided por devic 




information receiver is provided per implantable deviee. 
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Sinc e , moroovor, an oxo e ptionally low number of moduloo partioipato in th e 
signal procossing owing, intor alia, to tho uo e of tho transmission proportios of th e 
transmitt e r and/or proporti e o of the control information is ignala (amplitudo and/or 
froquonoy) and/or of tho control information roooivor for tho purpose of ooding th e 
transmittod information in analog fa s hion, the dovic o s according to tho invention are 
OKtremoly quick to roaot and thus enable tho oloctrioal bioaotivity to bo dotoctod and/or 
influenc e d yet mor e closely in real tim e - 
Further foaturea and advantages of th e invention emerg e from the claims and 
from th e following description in which two exemplary embodimonts ar e explain e d in d e tail 
with the aid of th e diagrammatic drawings in which: 

figure 1 shows a diagrammatic illustration of a device for detection of electrical 

bioactivity in aoeordanco with a particular embodiment of th e inv e ntion; 
figure 2 shows d e tails of th e structure of the d e vice from figure 1; and 
figure 3 shows a diagrammatic illustration of a device for influencing olootrical 

bioaotivity in accordano o with a particular o mbodimont of th e invention. 
As em e rges from figures 1 and 2, a d e vice 10 implantable in a living being for 



detecting olectrioal bioaotivity in aooordance with a particular embodiment of tho invention 

• I') „ ..^Uor.^ r..^,;t^Vi 1_J turn mnfir.iirino fllaptrnHar. 


comprises un micigy 




lOa anu IOD Wtimil um UUVmuu uj iim mmmnvv imiiiDvi ™ III iie,vf.~ - V.-..- 


1 no energy rucuivBr 


\ those into olootrioal energy. In the present example, tho oleetrioal 


shown) and converts 


loctrical energy, for example in one or moro oapaoitor(s) (not shown), 


onorgy is stored as e 


as required, for oxamplo when the transmitter 18 is to transmit 


and then passed on 


0 conceivable as an alternative that tho oleetrioal energy received by 


information. It is als 
tho energy receiver 1 


2 is passed on directly without intermediate storage at the transmitter 
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1 8 . Of oouroo. it io aloo posoiblo in prinoiplo to oonooivo that onorgy io s upplied by 
motabolism inher e nt to the body inat e ad of via tho onorgy roooivor 12. 

Tho voltago sonsitivo switch 1 4 is arrangod botwoon tho measuring ol e otrod e 
16 and tho tranomitter 1 8 . Tho voltago oonoitive switch 11 can be. for ejcainplo, a voltag e 
sonsitivo rooiotor or a capacitor. 

Tho aim io to uso tho d e vioo 10 to record tho ol e ctrioal bioaotivity of, for 



example, norvo tissue (not 


shown) in the vicinity of tho measuring electrode 16, and to 

> tho transmitter 18. When tho voltago difforonoo in tho nerve 


pass on this information to 


)ltage differonco threshold value, tho switch \^ switches on the 


tissue reaches a spooific vc 




is influenced by the switch H such that tho ohango in voltago doteoted by means of the 


measuring oleotrode — 16 in the surrounding norvo tissue oan be gathered from the 



information transmission signal of the transmitter 1 8 . 

Tho task of tho awitoh 1 8 consists in conv e rting electric current from th e 



energy 


roooivor 13 int 


0 olootromagnotio wavos 22. Tho ( 


electromagnetic waves contain 
i and/or changes in voltage 


iniormation — roimmg — i 


— fef — example, — action — potentials 


ig olootrodo 16, and therefore 


QiTierei 


looa wnicii ui« 


detected by means of the meaaurii 


It exemplary embodiment, the 


supply 


an information 


transmission signal. In tho preoen 


wn). When more than ono ouch 


device 


ittor 18 oomprisi 
and more than 


js an open resonant oirouit (not sho 
ono tranomitter are used, those c 


)an be fashioned so as to be 



distinguishable by different wavelengths and/or pulsed signalo, for e xampl e . 

In prinoiplo, a number of e nergy rec e ivers, voltago sonoitivo switch e s and 
transmittora can also be present on ouch a doviot' in f»rHnr tn Hntnot e l e otrioal bioaotivity. 
It is possible th e reby, for exampl e , to obtain information relating to tho opatiol 
distribution of th e loeal bioaotivity (for e xampl e t e trodes). In this cas e , the density of the 
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doviooo io limitod oubatantially by tho ooporobility of tho variouo information oignala from 
tho tranamittor (with different wavolongtha, for OKamplo) and by the roady oizo of tho 

Tho d e vioo 10 can bo fabricated as an integrat e d oireuit (IC) and by m e ans of 



nano/miorosystom toohnology. 

As follows from figure 2. tho dovioo 10 oomprisoo a head rogion 21, in which 



tho energy rooeiver 12, tho voltage sensitive switch H and the transmitter 18 ai 
on a structure 26 resembling a printed oirouit board, and a spur 28, which is 


re located 

i thin and 




3 16a and 


extends away from tho head region 2^. Said spur has two measuring electrode 


points 30 


16b, which respectively have a oontaot point 30 and 32. Except for these oontaot 
and 32, tho complete device 10 is provided with an olootrioally insulating va 


rnish (not 








to prevent it from slipping. Apart from the measuring electrodes 16a and 16b 


as well as 



oontaot points 30 and 32, tho s pur 2 8 should advantageou s ly have no componont s . 

A number of ouch doviooo 10 can bo placed tightly next to one another and 



variable spacings and yet fixed in position in a tissue such as, for e xampl e , in th e brain. 

The dovioo 10 can bo usod for real timo dotootion of, for oxamplo, tho activity 
of nerve ooUs, and for emitting a corr e sponding information signal from tho tranomitt e r 
4-8v 

When a number of such d e vices 10 are usod, it is possible, for exampl e , to 
mako us e por dovico of a froquonoy for the electromagn e tic waves for supplying e n e rgy, 
and of g dedicat e d froquonoy (a dedicat e d chann e l) for the el e ctromagnetic waves e mitt e d 
by the transmitter 1 8 . It is th e reby possible for information to be transmitted to th e outsid e 
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by oaoh dovioo in an at least virtually oontinuouo fashion, that io to say without a paus e in 
transmission and virtually without a roaotion tim e . 

Tho d e vioo 31 shown in figuro 3 for influonoing e l e otrioal bioaotivity 
compris e s an energy roooiv e r 12, a voltago s e nsitivo switch 1 4 , two e lootrodos which ar e 
cov e r e d by th e r e foronoo numeral 36, and a control information roooiv e r 3 8 . 

Precis e ly as in th e case of tho devic e in aooordanoo with figures 1 and 2, th e 



energy receiver i: 


2 receives electromagnetic \ 


vaves 20 from outside and converts these into 

bo stored as olootrioal electrical energy, for 


eleotrioal energy- 


This absorbed energy can 


own) and then be passed on if required, for 


example in one o 


r more capaoitor(s) (not sh 
0 aim is to undertake to in 


fluonoe the oloctrical bioaotivity of a tissue 


example when thi 




IS an alternative, that the absorbed eleotrioal 


and/or living beir 


ig. It is also conceivable, c 


36 without intermediate memories. It is also 


energy is passed i 
conooivable, as a 


on directly to tho electrodes 
n alternative, that energy is 


3 supplied by the metabolism inherent in the 



Th o control information r o c o iv c r roc o ivos control information in tho form of 



electromagnetic waves 10 and converts these into 


olootrio current 
i made of more 


:. This 1 
than or 


current is used to 
>e device 31 or of 




)ne control information roooiver 3 8. 


, it can bo pr 


ovidod 


that the control 


more than c 


receiver 38 is fashioned such that it 


responds, for ' 


oxampl 


0, to only a very 


information 




vos 40 which 


differs 


from the other 


specific wa> 
wavelengths. 


'olongth of tho eleotromagnotic wa 
ho voltage- sensitive switch 14 can be, 


for example, a 




or a capacitor. It 



is driven by a control signal from the control information receiver 3 8 in ord e r to control i 
flow of current from tho e n e rgy rec e iver 12 to the electrodes 36 in the tissu e , for e xamph 
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by oonv e rting th e control signal into a rosistanoo valu e . In this cas e , tho oontrol signal is a 
function of tho control information transmitted by moons of tho olootromognotio waves 10. 

In prinoiplo, it is also possible for a number of en e rgy roooivors 12, voltag e 
sensitiv e switches H and oontrol information reooivers 3 8 to b e present in tho cas e of a 
d e vic e 34 such that the local bioaetivity can b e influenced in thr ee dimensions, for 

The density of the devic e s 3A is limited by th e s e parability of the various 
control signals, tho various oontrol information roooivors and th e size of th e devic es 3^. 

Both the device for d e tecting e lectrical bioaetivity and tho devic e for 
influencing electrical bioaetivity have a wirel e ss energy supply, wir e less control signal 
transmission and small dimensions, and enable a high density of dotootion points and 
influencing points. 

Tho features of tho inv e ntion disclosed in tho present description, in th e 
drawings and in the claims can be essential both individually and also in any desired 
combinations for tho impl e mentation of th e invention in its various embodim e nts. 

BACKGROUND 

The present invention is a device implantable in tissue of living beings for 
detecting and/or influencing electrical bioaetivity. 

Implantable devices for detecting and/or influencing electrical bioaetivity 
include those disclosed in US Patent At)plication Publication No. 2003/0114769 Al. 
and International Application WO 00/13585. However, such devices are very large 
and are therefore unsuited for use in certain types of biological systems, such as in, 
for example, central nervous systems. 
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SUMMARY 

A device for implantation in tissue of a living being allows for detecting electrical 
bioactivitv of the tissue. Tvyo measuring electrodes are positioned to d etect a voltage difference 
representing bioactivitv of the tissue. A wireless transmitter transmits informatio n outside the 
tissue, the information relating to the bioactivitv as repres ented bv the voltage difference 
detected bv the two measuring electrodes. A wireless energy r eceiver for receiving energv from 
outside the tissue supplies the transmitter with electrical energy, the transmitter a nd the energy 
receiver operating in parallel in time. A voltage sensitive switch is connected be tween the two 
measuring electrodes and the transmitter. The voltage sensitive switch is positioned for 
switching the transmitter such that information relating to changes in elec trical bioactivitv can 
be coded in analog fashion in the form of a change of at least one transm ission property of the 
transmitter, and information relating to the identity of the transmitter can be coded in analog 
fashion in the form of at least one transmission property of the transmitter. 

The invention also allows for a device to be implanted in tissue for influencing 
electrical bioactivitv. In such an arrangement, two electrodes are positioned to apply 
an electric voltage in the tissue to influence bioactivitv. An energy receiver for 
receiving energy from outside the tissue supplies the two ele ctrodes with electrical 
energy. A control information receiver is positioned to receive wireless control 
information signals from outside the tissue, the energy receiver and control 
information receiver operating in parallel in time. A volt age-sensitive switch is 
connected between the control information receiver and the two electro des, the 
voltage-sensitive switch being positioned for switching a flow of electric current 
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from the energy receiver to the electrodes under the control of the control 
information receiver. The identity of the control information receiver and the 
magnitude of the influence on the electrical bioactivitv are coded in an alog fashion 
by at least one of the frequency and/or amplitude of the control informat ion signals. 

The invention allows for the miniaturization of devices for exchan ging signals 
between biological systems and units located outside thereof such as. for example, 
measuring, monitoring and control units, so-called stimulators or effectors. 

Where the invention is employed to detect bioactivitv. an example of coding in 
analog fashion of information relating to changes in bioactivitv and information 
relating to the identity of the transmitter includes coding in a nalog fashion the time 
profile of the voltage difference to be coded and/or imaged into a ch ange in. for 
example, the transmit amplitude, transmit wavelength, transmit frequency, or 
alternatively, in the shape and level of individual pulses. 

Where the invention is employed to influence electrical bioactivitv. the 
identity of the control information receiver and magnitude of the influence on the 
electrical bioactivitv being coded in analog fashion can be manipula ted by 
manipulating the frequency and/or amplitude of the control information signals. 

It will be appreciated that the tissue being detected for bioactivitv or having 
its bioactivitv influenced can be a tissue inside or outside a living animal or human 
being. In particular, the invention is useful for implantation in the brain, heart or in 
the musculature such that the invention can be used for medical diagnostics, 
neurophysiology and in the control of prostheses. 
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It will be further appreciated that the electrical bioactivi tv is intended to 
include the membrane voltage or the temporal change therein o f cells, such as 
nerve cells. 

In some embodiments, the invention can be configured for detecting electrical 
bioactivitv where the transmission properties include the transmit amplitude and/or 
the transmit frequency. 

Where the invention is employed to detect electrical bioactivitv. the switch 
can be configured to switch the transmitter on or off when the detected voltage 
difference overshoots or undershoots a voltage threshold value which can be fixed 
in advance. The presence of an action potential, i.e. a sudden change in a membrane 
voltage such as for nerve cells inside and outside the brain, can thereby be detected 
and passed on. The switch then acts like a 1-bit switch. 

In some embodiments, the transmitter can comprise a closed resonant circuit, 
particularly where microwaves and radio waves are utilized by the implemented 
invention. Alternatively, where IR. UV and visible light are utilized, the transmitter 
can comprise a photodiode. In some embodiments, the transmitter can comprise an 
LED. The transmitter can also comprise a quantum well structure, for example, where 
a quantum laser is involved. In some embodiments, the transmitter can comprise a 
quantum line structure. 

Some embodiments can include at least two transmitters that can be 
distinguished on the basis of having different analog transmission properties, e.g. 
transmit amplitude and/or transmit frequency. It is thereby possible, firstly, to 
achieve an even higher density of the devices in a tissue, and also to achieve a unique 
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identification of the transmitters without a large outla y on components and signal 
processing. 

Where the invention is employed to influence electrical bioactivity, such as 
where the invention is used as a microeffector or microsti mulator. the switch can be 
driven by the control information receiver su ch that a voltage pulse is generated 
between the electrodes. If the voltage pulse is su fficiently strong and short, 
surrounding cells can be stimulated to bioactivity. Alter natively, in place of a voltage 
pulse, a voltage profile controlled from outside the tissue c an be output or induced in 
the surrounding tissue. 

In some embodiments, the control information r eceiver can comprise a closed 

resonant circuit, especially where microwaves and radio waves — are used. 

Alternatively, if IR. UV and/or visible light are u sed, the control information 

receiver can comprise a photodiode. 

Some embodiments include two control infor mation receivers that can be 

addressed separately on the basis of different analog r eception properties (amplitude 

and/or freauencvV Such embodiments allow for a hi gher density of control of and 

separate driving of the control information receivers. 

Tn some embodiments, the energy receiver ca n comprise a closed resonant 

circuit, especially where microwaves and radio waves are used. Alternatively, the 

energy receiver can comprise a photodiode. especially where IR. UV and/or visible 

light are/is used. In further embodiments, the ene rgy receiver can comprise a 

piezocrvstal if sound waves are used. 
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In one particularly simple embodiment, the voltage-sensitive switch can 
comprise a voltaee-sensitive resistor. Alternatively, the voltage-sensitive switch can 
comt3rise a chain of open field effect transistors. In other embodiments, the voltage- 
sensitive switch can comprise an electrooptic switch. Where an electrooptic switch is 
used, the electrooptic switch may comprise an LED and a photodiode. 

In some embodiments of the invention, one or more component de vices can be 
advantageously included in an integrated circuit (IC). 

With the exception of contact points of the measuring electrodes and/or 
electrodes, the invention is typically enclosed within an electricall y insulating 
material, such as varnish. Such enclosure can minimize stimulation of the tissue, 
especially brain tissue. 

In some embodiments, measuring electrodes and/or electrodes can be 
configured as or integrated into a spur to further minimize tissue stimulations. In 
other embodiments, the measuring electrodes and/or electrodes can be configured as 
or integrated into a capacitor or a spur with a capacitor. 

It is contemplated that a system for detecting and/or influencing electrical 
bioactivitv comprising at least two devices implanted in a tissue and/or living being 
is within the intended scope of the invention. In particular, it can be provided that at 
least one energy transmission device and at least one bioactivitv detection device 
and/or at least one bioactivitv influencing device are provided outside the tissue 
and/or living being. The process of influencing bioactivitv transmits the control 
information signals. 
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Those skilled in the art will realize that this invention is capable of embo diments that 
are different from those shown and that details of the structure of the disclosed invention can 
be changed in various manners without departing from the sc one of this invention. 
Accordingly, the drawings and descriptions are to be regarded as including such equivalents as 
do not depart from the spirit and scope of the invention. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Further features and advantages of the invention are best understood and will 
become apparent with reference to the accompanying drawing s in which: 

FIG. 1 depicts a diagrammatic illustration of a device for the detection of 
electrical bioactivitv according to one embodiment of the invention: 

FIG. 2 depicts details of the structure of the device of FIG. 1: and 

FIG. 3 depicts a diagrammatic illustration of a device for influencing 
electrical bioactivitv according to one embodiment of the invention. 
DETAILED DESCRIPTION 

The invention is based on the finding that bv providing a voltage-sensitive 
switch, an energv receiver, and transmitter or control information receiver as shown 
and described, it is possible to implement a miniaturization of the devices for 
detecting and/or influencing electrical bioactivitv bv coding information in the 
transmission properties, such as transmit amplitude and/or transmit frequency, of the 
transmitter and/or in properties of the control information signals and/or of the 
control information receiver, in analog fashion, such that the energv receiver and the 
transmitter and/or control information receiver can be operated in parallel in time- 
Moreover, separating the function of the energv receiver from the function of the 
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transmitter and/or control information receiver enable s unique identification of the 
devices among o ne another and/or separate driving of the devices when only one 
transmitter or control information receiver is provided per device, and unique 
identification of transmitters and/or separate driving of th e control information 
receiver when more than one transmitter or more than one control infor mation 
receiver is provided per implantable device. 

Since a verv small number of modules participate in the signal processing 
owing, inter alia, to the use of the transmission properties of the transmitter and/or 
properties of the control information signals (such as amplit ude and/or frequencv) 
and/or of the control information receiver for the purpose of coding the transmitted 
information in analog fashion, the devices according to the inven tion are extremely 
quick to react and thus enable the electrical bioactivitv to be detected and/or 
influenced yet more closely in real time. 

Referring now to FIGS. 1 and 2. a device 10 for implantation in a living 
being for detecting electrical bioactivitv in accordance with a particular embodiment 
of the invention comprises an energy receiver 12. a voltage-sensitive switch 14, two 
measuring electrodes 16a and 16b which are generally referred to by reference 
numeral 16 in FIG. 1. and a transmitter 18. The energy receiver 1 2 receives electro- 
magnetic waves 20 from outside a tissue (not shown) and converts these into 
electrical energy. In the present example, the electrical energy is stored, for 
example, in one or more capacitor(s') (not shown) and is then passed on as required, 
for example, when the transmitter 18 is to transmit information. Alter natively, the 
electrical energy received bv the energy receiver 12 can be passed on directly 
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without intermediate storage at the transmitter 18 within the intended s cope of the 
invention. It is further contemplated that in some embodiments, energy can be 
supplied bv metabolism inherent to the body instead of via the energy rec eiver 12. 

The voltage-sensitive switch 14 is arranged between the measuring electrode 
16 and the transmitter 18. The voltage-sensitive switch 14 can be. for example, a 
voltage-sensitive resistor or a capacitor. The device 10 records th e electrical 
bioactivitv of. for example, nerve tissue (not shown> in the vicinity of the 
measuring electrode 16. and passes on this information to the transmitter 18. When 
the voltage difference in the nerve tissue reaches a specific voltage difference 
threshold value, the switch 14 switches on the transmitter 18. If a capacitor is 
employed as voltage-sensitive switch 14. the transmitter 18 is influenced by the 
switch 14 such that the change in voltage detected bv the measuring electrode 16 in 
the surrounding nerve tissue can be gathered from the information transmission 
signal of the transmitter 18. 

The switch 18 converts electric current from the energy receiver 12 into 
electromagnetic waves 22. The electromagnetic waves contain information relating 
to. for example, action potentials and/or changes in voltage differences that are 
detected bv means of the measuring electrode 16. and therefore supply an 
information transmission signal. In FIGS. 1 and 2. the transmitter 18 comprises an 
open resonant circuit (not shown). When more than one such device and more than 
one transmitter are used, these can, for example, be configured so as to be 
distinguishable bv different wavelengths and/or pulsed signals. 
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Tt is contemplated that in some embodiments, a number of energy receivers. 
voltage-sensitive switches and transmitters can also be present on a device in order 
to detect electrical bioactivitv. This enables some emb odiments to obtain 
information relating to the spatial distribution of the local bioactiv itv. e.g. tetrodes. 
The density of the devices may be limited substantially bv the s eparability of the 
various information signals from the transmitter, with fo r example, different 
wavelengths, and bv the ready size of the devices. 

The device 10 can be fabricated as an integrated circ uit (IC^ and may 
incorporate nano/microsvstem technology- 
Referring now to FIG. 2. the device 10 comprises a head region 24. in which 
the energy receiver 12. the voltage-sensitive switch 14 and the transmitter 18 are 
located on a structure 26 resembling a printed circuit board, and a spur 28, which is 
thin and extends awav from the head region 24. The spur 28 has two measuring 
electrodes 16a and 16b. each having a respective contact point 30 and 32. Except for 
these contact points 30 and 32. the complete device 10 is provided with an 
electrically insulating varnish (not shown^. The varnish should exhib it properties 
that reduce stimulation of the surrounding tissue (not shownV In some embodiments, 
the device 10 can be equipped with barbs (not shown) to prevent the de vice 10 from 
slipping. Apart from the measuring electrodes 16a and 16b and contact p oints 30 
and 32. the spur 28 requires no additional components. 

A number of such devices 10 can be placed tightly next to one another and at 
variable spacings and vet be located in a fixed position in a tissue such as. for 
example, in the brain. 
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The device 10 can be used for real time detection of. for exa mple, the activity 
of nerve cells, and for emitting a corresponding informat ion signal from the 
transmitter 18. 

When a number of such devices 10 are used, each device ca n use a frequency 
for the electromagnetic vyaves supplying energy, and a dedic ated frequency, i.e. a 
dedicated channel, can be used for the electromagnetic waves emitted by the 
transmitter 18. Therefore, information can be transmitted to the outside by each 
device in an at least virtually continuous fashion without a pause in transmission and 
virtually without a reaction time. 

FIG. 3 depicts a device 34 shown for influencing electrical bioactivitv 
comprising an energy receiver 12. a voltage-sensitive switch 14. two electrodes 
which are generally referred to by reference numeral 36. and a control information 
receiver 38. 

Like the device shown and described in FIGS. 1 and 2. the energy receiver 12 
of FIG. 3 receives electromagnetic waves 20 from outside and converts these into 
electrical energy, which can be stored in one or more capacitorfs) (not shown) and 
then discharged for influencing the electrical bioactivitv of a tissue and/or living 
being. Alternatively, the electrical energy can be passed on directly to the 
electrodes 36 without intermediate storage. In some embodiments, the energy is 
supplied by the metabolism inherent in the body. 

The control information receiver 38 receives control information in the form 
of electromagnetic waves 40 and converts these into electric current. This current is 
used to control the voltage-sensitive switch 14. When more than one device 34 or 



21 



Appln. No 10/594,051 
Amendment dated January 15, 2007 

more than one control information receiver 38 is used, th e control information 
receiver 38 can be configured to respond, for example, to only a very specific 
wavelength of the electromagnetic waves 40 which differs from other wavelengths 
being used. 

In some embodiments, the voltage-sensitive switch 14 can be a r esistor or a 
capacitor and be driven bv a control signal from the control information receiver 38 
in order to control a flow of current from the energy receiver 12 to the electrodes 36 
in the tissue. This can involve converting the control signal into a resis tance value- 
In such case, the control signal can be a function of the control information 
transmitted via the electromagnetic waves 40. 

In some embodiments, a number of energy receivers 12. voltage-sensitive 
switches 14 and control information receivers 38 may be present in the case of a 
device 34 such that the local bioactivitv can be influenced in three dimensions. 

The density of the devices 34 is limited bv the separability of the various 
control signals, the various control information receivers, and the size of the 
devices 34. 

It will be appreciated that both the device for detecting electrical bioactivitv 
and the device for influencing electrical bioactivitv according to the invention 
include a wireless energy supply, wireless control signal transmission and small 
dimensions, enabling a high density of detection points and influencing points. 
Those skilled in the art will recognize that the various features of this invention described above 
can be used in various combinations vdth other elements without departing from the scope of 
the invention. Thus, the appended claims are intended to be interpreted to cover such 
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equivalents as do not depart from the spirit and scope of the invention. 
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